The mean follow-up was 5.2 months; symptoms were reduced by 42.8% (NF) (p = 0.001) and 57.1% (VGP) (p = 0.006). The Boix-Ochoa score was favorable for both groups: NF (p < 0.001) and VGP (p < 0.042). The overall mortality was 14.28% in both groups and was due to causes unrelated to the surgical treatment.
INTRODUCTION
Gastroesophageal refl ux disease (GERD) in infancy presents significantly greater incidence in the population with associated neurological disease. There is a consensus that multifactorial events are involved in its etiopathogenesis, 1,2 which makes it diffi cult to evaluate the results from treatment and to obtain adequate uniformity regarding the most appropriate therapeutic conduct for children with serious cerebral palsy and GERD.
The conventional clinical treatment is often ineffective. Surgical treatment, based on carrying out different procedures for introducing anti-refl ux valves, is surrounded by high morbidity and mortality. 3, 4 Children with neurological lesions and GERD present high rates of postoperative complications such as dysphagia, delayed stomach emptying, gas retention syndrome and infections. [5] [6] [7] The reoperation rate reported in the literature for these patients ranges from 20 to 47%, 4, 8 whereas for patients without neurological lesions these rates are between 4 and 11%. 9, 10 With regard to surgical therapy, a clear preference is shown in the literature for the Nissen fundoplication (NF) procedure (complete enveloping of the abdominal esophagus by the gastric fundus). However, complications are observed with this procedure, even when treating non-neuropathic children. 5 Collis (1957) 11 described a gastroplasty technique for lengthening the esophagus in patients with hiatal hernia and short esophagus. This concept gained wide acceptance and was much utilized at that time, before it was understood that progressive shortening of the esophagus secondary to esophagitis can occur. Modifi cations to this technique were proposed, such that vertical gastric plication (VGP) would be performed without sectioning the gastric wall, with the association of a valve mechanism. [12] [13] [14] [15] Performing the plication produces lengthening of the abdominal esophagus, and fundoplication would offer better control over refl ux. The observations have shown that fundoplication makes it diffi cult for the stomach to distend, thereby causing additional difficulty in passage through the esophagus and accentuating the occurrence of dysphagia and respiratory diffi culties. [16] [17] [18] Taylor et al. (1989) 19 proposed that VGP should be performed via an abdominal route, with any type of associated fundoplication. They argued that this was a rapidly performed, simple and safe technique that diminished the possibility of the postoperative complications that are so frequent with the other techniques.
The various types of gastric fundoplication, especially those that are constructed right round the esophagus, can be considered to be an additional obstacle to passage through the esophagus, because they impose an angle on the esophagogastric transition and cause diffi culty in the peristalsis occurring in the fi nal portion of the esophagus. This inconvenience becomes felt more strongly among individuals with esophageal dysmotility, especially those with neuropathy, in whom such dysmotility is more severe. 5, 6 Thus, control over gastroesophageal refl ux disease (GERD) in patients with dysmotility should be carried out through an operative procedure that alters the anatomy and physiology of the esophagogastric transition as little as possible. Alterations of this nature are promoted by NF, given the wrapping of the distal esophagus by the gastric walls.
Such alterations and the consequent discomfort induced by them are well known in clinical practice. Thus, it is routine practice for the majority of surgeons treating adults with GERD by means of NF to recommend that non-neuropathic patients (i.e. those with normal esophageal motility) should follow a 
METHODS:
Fourteen consecutive children with cerebral palsy attended between November 2003 and July 2004 were randomized into two groups for surgical treatment of GERD: NF, Nissen fundoplication (n = 7); and VGP, vertical gastric plication (n = 7). These were clinically assessed by scoring for signs and symptoms, evaluation of esophageal pH measurements, duration of the operation, intra and postoperative complications, mortality and length of hospital stay.
pasty or even liquefi ed diet for the fi rst two or three months after the operation.
The same postoperative conduct is recommended by pediatric surgeons, after performing NF to treat GERD in non-neuropathic patients. It should also be remembered that it is not uncommon in pediatric surgical practice to observe esophageal obstruction due to food, which is almost always transitory but may sometimes require urgent endoscopic treatment, as a result of non-observance of these recommendations.
Therefore, the proposal for the present study was to prospectively investigate a technique that does not have the inconveniences indicated in relation to passage through the esophagus, among patients with cerebral palsy. Our opinion was that VGP might be a good choice: this produces lengthening of the abdominal esophagus and makes refl ux diffi cult, without the factors unfavorable to passage through the esophagus and lack of success from treatment that have been attributed to concomitant plication.
The VGP procedure would be compared with the technique proposed by Nissen. The latter technique is reported to be the one most frequently utilized among such patients. 20 It should be added that no randomized prospective studies on the surgical treatment of GERD in neuropathic children were located in a review of the literature. 20 
OBJECTIVE
This study was performed to compare the effectiveness of surgical treatment for gastroesophageal refl ux by means of vertical gastric plication and by means of Nissen fundoplication, in children with cerebral palsy.
METHODS
This randomized prospective study was conducted in two hospitals in the city of São Paulo: Hospital Municipal Infantil Menino Jesus and Hospital do Servidor Público Estadual Francisco Morato de Oliveira. The research was assessed and approved by the research ethics committees of the respective hospitals.
The patients were divided into two groups, the NF group (n = 7) and the VGP group (n = 7).
The inclusion criteria were that the subjects should be children within the age range of 0 to 17 years, with non-progressive chronic encephalopathy presenting predominance of motor abnormalities (cerebral palsy), and with GERD documented by means of prolonged measurement of esophageal pH. It was also necessary for the persons legally responsible for the children to have granted their free and informed consent to the procedures.
The exclusion criteria were that the subjects should not have chronic non-progressive encephalopathy presenting predominance of abnormalities of intelligence or behavior.
For all patients, a barium contrast examination was performed on the esophagus, stomach and duodenum, using the methodology of McCauley, 21 to rule out possible anatomical causes of the GERD.
The two groups were compared by means of clinical criteria, measurement of esophageal pH, radiological examination, presence and evaluation of intra and postoperative complications, duration of the surgical operation and length of hospital stay.
The patients included in the study underwent clinical assessment by means of qualitative staging based on the 15 parameters that are most commonly associated with GERD in children (vomiting, regurgitation, nausea, irritability, dysphagia, pain, recurrent otitis, recurrent sinusitis, recurrent bronchopneumonia, apnea, wheezing in the chest, night coughing, stridor, anemia and hematemesis), before the operation and 30, 90 and 180 days after the operation, from information supplied by the caregivers responsible for the children. Scores were compiled according to the presence or absence of each of the 15 parameters included, and noting whether each parameter had the same value over the preceding 30 days.
Prolonged measurement of esophageal pH was carried out before the operation and 30, 90 and 180 days after the operation. The Scophe apparatus, version 1.4 (Dynamed ® ) with antimony electrode (Mediplus catheter), was utilized according to the methodology proposed by Boix-Ochoa et al. 22 In this, the evaluation consists of counting the scores for fi ve different parameters: percentage (%) of the time for which the pH remained less than 4.0 over the whole monitoring period; number of refl ux episodes observed over a 24-hour period; number of refl ux episodes lasting for more than fi ve minutes; and duration of the most prolonged refl ux episode. Events were considered to be gastroesophageal refl ux when the measured pH was less than 4.0 for more than 15 seconds.
The medication utilized for preoperative sedation was oral administration of a midazolam solution (0.5 mg/kg), applied 30 minutes before the surgical procedure. The induction of anesthesia was carried out by means of inhalation of sevofl urane (Sevorane ® ) (6.0%) or halothane (2.0%), followed by administering of opioid (fentanyl 2.0 mcg/kg) and muscle relaxant (cisatracurium 0.5 mg/kg) for orotracheal intubation and placing the patient on controlled mechanical ventilation.
One dose of fi rst-generation cephalosporin (50 mg/kg) was applied in the surgical theater prior to the surgical incision. Whether this medication was continued depended on the patient's clinical condition.
The type of surgical procedure was randomized immediately before the intervention in the surgical theater, by means of tossing a coin.
All the procedures were performed by the same surgeon and team.
Access to the abdominal cavity was obtained by medial xiphoumbilical incision, with the patient in horizontal dorsal decubitus. The abdominal part of the esophagus was identifi ed and freed after opening up the phrenoesophageal membrane and partially sectioning of the hepatogastric ligament. The greater curvature of the stomach was mobilized by means of sectioning the gastrosplenic ligament and ligating the fi rst short vessels. The arms of the diaphragmatic pillar were brought together using separate stitches of non-absorbable thread when they were patent for more than three centimeters.
For the patients in the NF group, the abdominal segment of the esophagus was enveloped posteriorly by the gastric fundus, positioned in such a way as to wrap the whole circumference of the abdominal segment of the esophagus. This plication was attached using three separate stitches of non-absorbable thread: two cranial stitches, joining together stomach-esophagus-stomach; and one caudal stitch, joining stomach-stomach. The plication was kept close to the diaphragmatic pillar using one stitch of non-absorbable thread (Figure 1) . A probe of caliber 16 to 18 Fr was kept between the esophagus and the stomach while the stitches were being applied, so as to ensure that the procedure was loose and did not constrict the esophagus in the abdomen.
For the patients in the VGP group, a gastric lavage tube was inserted, of caliber similar to that of the esophagus. This was followed by stapling, using the TL-60 linear stapler (Ethicon Endo-surgery ® Inc, Somerville, NJ, USA), starting at the lateral margin of the esophagogastric transition and extending parallel to the lesser gastric curvature or six centimeters. These titanium staples went through the full thickness of the stomach, thereby creating a division in the stomach without sectioning it (Figure 2 ). In this extension to the esophagus, a ratio of 4:1 was maintained between the neoesophageal length and width (Figure 3) .
At the end of the procedure, the gastric lavage tube that had been shaping the esophagus was removed and was substituted by a nasogastric probe appropriate for the patient's size.
Because of clinical particularities, two children in the NF group (28.57%) underwent gastrostomy and two (28.57%) underwent gastrostomy and tracheostomy. Four children in the VGP group (57.14%) underwent gastrostomy.
All the patients underwent postoperative radiological evaluation.
A standardized record card was utilized for recording the duration of the surgical operation (from the time of the incision to the time of putting in the last stitch in the skin), the length of hospital stay and any intra and postoperative complications.
To perform the statistical calculations, the Statistical Package for Social Sciences (SPSS) for Windows version 10.0 software was utilized. Results with descriptive levels of less than 0.05 were considered to be statistically signifi cant. Tetraplegic spastic cerebral palsy 5 5
Etiopathogenic diagnosis
Hypoxic-ischemic disease 6 6 Infectious disease 0 1
Central nervous system malformation 1 0 Table 2 shows the patient distribution in the NF and VGP groups, according to associated affections.
Associated affections Associated affections

Clinical score Clinical score
There was a very signifi cant reduction in the clinical scores for both the NF group (p = 0.001) and the VGP group (p = 0.006), comparing the preoperative scores with the scores for the 30 th , 90 th and 180 th days after the operation (Figure 4 ). All the patients had a clinical improvement, and 42.8% of the NF group and 57.1% of the VGP group were asymptomatic throughout the postoperative period studied.
Evaluation of pH Evaluation of pH measurements measurements
The pre and postoperative pH measurements showed that for the NF group the only variable not showing a signifi cant difference was gastroesophageal refl ux episodes lasting for more than fi ve minutes. For the VGP group, there was no signifi cant difference for the variables of total number of refl ux episodes, total number of refl ux episodes lasting for more than fi ve minutes and longer refl ux episodes. These results are shown in Table 3 . 
Radiological evaluation Radiological evaluation
Contrast radiological examination of the esophagus, stomach and duodenum showed the presence of a hiatal hernia in one patient in the NF group (14.28%). No obstructive causes were observed that could have been responsible for the gastroesophageal refl ux. Aspiration of the contrast into the tracheobronchial tree occurred in two patients in the VGP group (28.56%).
Intraoperative complications Intraoperative complications
No patients in either group presented intraoperative complications.
Postoperative complications Postoperative complications
Valve migration occurred in one patient in the NF group (14.28%) and there was a paraesophageal hernia in one patient in the VGP group (14.28%). These were considered to be major postoperative complications. Minor postoperative complications only occurred in the VGP group (28.57%): one patient presented infection of the urinary tract during the immediate postoperative period, and two patients presented a episode of pneumonia after the 90 th postoperative day. Two deaths (28.56%) occurred, one in each group (14.28%), which were unrelated to the surgical treatment. One child had congenital cardiac malformation, with pulmonary hypertension, and died as a result of complications from these affections. The other had Down's syndrome and presented progressive fungal septicemia and multiple organ and system failure.
Duration of the surgical Duration of the surgical procedure procedure
There was no statistically signifi cant difference between the NF and VGP groups with regard to the duration of the surgical procedure: 109.29 ± 26.52 minutes and 99.29 ± 19.67 minutes, respectively (p = 0.440).
Length of hospital stay Length of hospital stay
There was no statistically signifi cant difference between the NF and VGP groups with regard to the length of hospital stay: 7.33 ± 1.03 days and 7.67 ± 3.79 days, respectively (p = 0.894).
DISCUSSION
The greater incidence of gastroesophageal refl ux among children with neuropathy is due to various predisposing factors: increased intraabdominal pressure caused by the spasticity; anatomical deformity of the esophagogastric junction associated with thoracoabdominal kyphoscoliosis; reduced pressure in the lower esophageal sphincter; delayed stomach emptying; chronic pulmonary disease; hypotonia of the diaphragmatic pillar, and also esophageal, gastric and intestinal dysmotility inherent to the neurological disease.
1,24
The clinical assessment of a child with neurological lesions depends on the ability of the persons legally responsible for the child to discern them, and on very specifi c criteria. It seemed to us to be more appropriate for the present study to opt for the utilization of a qualitative clinical score. When this scoring system was applied to the groups, both of them presented signifi cant postoperative reduction in the parameters, in comparison with the preoperative values. We observed absence of symptomatology in more than half of the patients in the VGP group.
In the radiological examination, we were unable to detect any difference between the two surgical procedures.
The prolonged esophageal pH evaluations were a direct and objective method for measuring the exposure of the esophagus to the refl ux of gastric juices. When this examination is performed over a prolonged period, it presents high sensitivity and specifi city indices. 25 The Boix-Ochoa methodology is considered to be the most appropriate for application to the pediatric age group. 22 The patients' indications for surgery were due to an association of symptoms related to gastroesophageal refl ux and confi rmation of such refl ux outside of normal patterns, by means of prolonged esophageal pH measurement. Maintenance of clinical treatment for such patients with severe mental retardation for an indefi nite time becomes impracticable. In addition to the predisposing factors associated with such lesions, when these children remain in dorsal decubitus the whole time, they are more liable to develop complications from gastroesophageal refl ux. 26, 27 Surgical treatment for controlling gastroesophageal refl ux has the objectives of lengthening the intra-abdominal portion of the esophagus, accentuating the acute esophagogastric angle and performing fundoplication to transmit the pressure from the gastric fundus to the zone of the lower esophageal sphincter. 28 Complete gastric fundoplication, as in the NF procedure, is often complex from a technical point of view, because of the presence of thoracoabdominal deformities.
Performing NF in such patients may also result in complications like dysphagia, because of the diffi culty placed on free passage through the esophagus due to the pres- ence of both gastric walls posteriorly to the abdominal portion of the esophagus, thereby imposing an angle on it. This is in addition to wrapping the stomach around the esophagus, right round its circumference, thereby causing extra diffi culty for peristalsis of the esophagus, which is already compromised by these patients' dysmotility. This combination of factors may favor greater occurrence of pulmonary complications, which is confi rmed by the high frequency with which it becomes necessary to perform tracheostomy in association with the plication. For many surgeons, this is performed routinely during the same surgical procedure.
The occurrence of gas retention syndrome following NF is found in up to 50% of cases. 20, 24 Esophageal dysmotility, in association with the construction of a valve around the intra-abdominal portion of the esophagus, is the main agent responsible for the greater complication rate in these patients. 29 These symptoms may be persistent and diffi cult to treat, thus stimulating surgeons to seek new surgical alternatives.
The alternative of VGP has the anatomophysiological basis of controlling gastroesophageal refl ux by means of lengthening the intraabdominal portion of the esophagus, practically without causing alterations to esophagogastric anatomy. This occurs through making the entry angle into the gastric reservoir more acute, increasing the area of pliant wall capable of functioning as a valve and not interfering with the free emptying of the esophagus, because no type of valve is installed in association with this procedure. VGP follows the same physical principles as does NF, governed by Laplace's law (Figures 5 and 6 ). 10, 27 Laplace's law establishes that, in two hollow visceral tubes with walls of equal tension (T), the pressure (P) is greater in the visceral tube of smaller radius (R), since P = T/R. From this concept, it is easy to imagine that a narrowed tube created from the esophagogastric junction could function as a high-pressure zone, thereby impeding gastroesophageal refl ux. 10, 27 Since the two surgical procedures follow the same physical principles, it can be believed that their control over the refl ux would also be similar. In the present study, both surgical procedures were shown to be effective in controlling gastroesophageal refl ux. There was improvement in all the parameters evaluated: in the NF group, only one parameter did not show statistical signifi cance, while in the VGP group there was no statistical signifi cance for three parameters.
The morbidity and mortality resulting from anti-refl ux surgery on children with severe neurological lesions are considered to be high in comparison with results among children without such lesions. 29 In the present study, the observations of a major postoperative complication rate of 14.28% in each group and a minor complication rate of 28.57% in the VGP group are at the lower limit of the rates reported in the literature. The two deaths that occurred in the present study were unrelated to the surgical procedure.
Some authors have observed that a greater rate of complications was expected to occur six months after the operation. 20, 30 It is possible that a greater difference in the present study might have been observed if there had been longer follow-up of these patients, since in this preliminary study the longest follow-up was for eight months after the operation.
Gastrostomy should be performed in children with severe deglutition disorders. 31, 32 In the present study, gastrostomy had to be performed in association with the anti-refl ux procedure in 57.0% of the patients in the two groups. For another two patients in the NF group, tracheostomy was REFERENCES performed in association with the anti-refl ux procedure because of these children's pulmonary conditions. The two surgical procedures are similar, as are the degree of anesthetic and surgical aggression. This is shown in the duration of the operation and length of hospital stay, which did not differ between the two procedures, although it has been reported in the literature that VGP is a faster procedure involving shorter hospital stay. 10, 19 However, these two procedures have never been prospectively compared for treating gastroesophageal refl ux in neuropathic children. 20 Today, the access most recommended for surgical treatment of gastroesophageal refl ux is by means of laparoscopy. 33, 34 We chose to perform these procedures via the conventional route, because of the diffi culty in positioning the linear stapler to perform the vertical gastric plication. In the future, with more adequate materials and greater experience, it will be possible to perform these procedures via the laparoscopic route.
CONCLUSION
Both surgical procedures were shown to be effective for controlling gastroesophageal refl ux in patients with neurological lesions.
A greater number of cases and a longer follow-up period are needed in order to come to a conclusion as to which of the two procedures is better.
